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Summary. Weight loss is the main symptom of so- 
called tumor cachexia. The pathogenetic mecha- 
nisms underlying cachexia are poorly understood; 
however, it appears that enhanced formation of 
cytokines such as interferon-7 and tumor necrosis 
factor-c~ are involved. In 94 patients suffering from 
hematological neoplasias we compared body 
weight changes with serum neopterin, tryptophan, 
and kynurenine. Biochemical changes, the forma- 
tion of neopterin, the degradation of tryptophan 
are closely related to interferon-7 activity. The ma- 
jority of our patients had increased neopterin and 
decreased tryptophan concentrations. Weight loss 
was seen particularly in patients with higher neop- 
terin and lower tryptophan values. An association 
between higher neopterin levels and greater weight 
loss was apparent at study entry and during the 
follow-up of patients. Our data support the con- 
cept that weight loss is closely linked to endoge- 
nous interferon-7 activity. 
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Weight-loss is the main symptom and in most cases 
the first sign of so-called tumour cachexia. The 
frequency of weight loss varies from one tumor 
type to another [18]; about one-third (36%) of 
breast cancer patients present with weight loss 
whereas in patients with cancer of the pancreas 
the proportion is between 70% and 83% [8]. Some 
30-50% of patients with malignant lymphomas ex- 
perience weight loss before diagnosis is established 
[3]. In addition to fever and night sweating, a de- 
crease of 10% or more in body weight within the 

Abbreviations: NHL  = non-Hodgkin 's  lymphoma; HD = Hodg- 
kin's disease; M M = m u l t i p l e  myeloma; M G U S = m o n o c l o n a l  
gammopathy of unknown significance; IFN-7=interferon-?,;  
TNF-c~ = tumor necrosis factor-c~ 

past 6 months is judged as a "B symptom" which 
indicates poor prognosis [19]. 

The pathogenetic mechanisms underlying 
weight loss and cachexia are poorly understood. 
Soluble factors such as tumor necrosis factor-e 
(TNF-e) [19], interleukin-I [17], interferon-7 
(IFN-7) [15], and interleukin-2 [3] appear to be 
involved in the development of tumor cachexia. 
A variety of cytokines, including TNF [8] and in- 
terleukin-6 [14], and growth factors such as granu- 
locyte colony-stimulating factor [13, 16] are re- 
leased by activated lymphocytes and monocytes/ 
macrophages, which play a crucial role in the com- 
plex network of cytokines. However, direct infor- 
mation on cytokine profiles is often incomplete be- 
cause in vivo measurement is complicated as these 
substances do not necessarily remain in the circula- 
tion but bind rather to target cells or to serum 
soluble forms of their receptors. 

This study addressed the question of whether 
weight loss is associated with immune activation 
in patients with hematological disorders. To quan- 
tify immune activation we determined serum con- 
centrations of neopterin, tryptophan, and the tryp- 
tophan degradation product kynurenine. In vitro 
and in vivo, neopterin formation and tryptophan 
degradation are induced by stimulation of cellular 
immunity [7, 12]. 

Patients and methods 

Included in the study were 94 patients (53 males, 
41 females) suffering from hematological dis- 
orders: 57 had non-Hodgkin's lymphoma (NHL; 
9 stage I, 13 stage II, 9 stage III, 26 stage IV), 23 
suffered from Hodgkin's disease (HD; i stage I, 
9 stage II, 7 stage III, 6 stage IV), and 14 had mul- 
tiple myeloma (MM; 3 stage I, 3 stage II, 7 stage- 
III), including one patient with monoclonal gam- 
mopathy of unknown significance (MGUS). In 34 
patients (36%) evaluation was performed before 
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the start of treatment, 26 (28%) were under thera- 
py, and 34 (36%) were without treatment because 
of remission or stable disease. Staging of patients 
with HD and NHL was performed according to 
the Ann Arbor classification [4]; patients with 
MM/MGUS were staged according to the classifi- 
cation of Durie and Salmon [9]. Body weight was 
examined at any visit and values prior to the study 
were taken from the medical records. The extent 
of weight loss within the previous 6 months was 
measured as absolute and proportional body 
weight. 

Serum neopterin concentrations were deter- 
mined by radioimmunoassay (Neopterin Immu- 
test, Henning, Berlin, FRG) [20]. Serum levels of 
tryptophan and kynurenine were measured by 
high-pressure liquid chromatography on reversed 
phase carbon-18 material using on-line deproteini- 
zation of specimens as described elsewhere [23]. 
Tryptophan was detected by its native fluorescence 
(excitation, 285 nm wavelength; emission, 360 nm 
wavelength) and kynurenine by UV absorption at 
360 nm wavelength [11]. As a measure of protein 
status in patients, serum albumin was determined 
routinely using a fully automatic bromocresol pur- 
pur method (Hitachi, Japan). Normal values of al- 
bumin are between 38 and 49 g/1. In a number of 
patients more than one simultaneous measurement 
of body weight and serum neopterin concentration 
was available and could be compared to the clinical 
course. 

For the evaluation of differences between var- 
ious groups of patients we used the Kruskal-Wallis 
rank sum test. Incidences were compared by )~2 
test. For the definition of strength and significance 
of correlations Spearman's rank correlation coeffi- 
cient was used. Values below P = 0.05 were consid- 
ered statistically significant. 

Results 

Loss of body weight within the past 6 months was 
found in 29 patients (31%); average weight loss 
in these patients was 8.2kg (11.2%) of body 
weight. Weight loss was seen in 3 of 23 (13%) pa- 
tients with HD, in 22 of 57 (39%) with NHL, and 
4 of 14 (29%) with MM/MGUS. Weight loss was 
more frequent in patients who were examined be- 
fore the start of therapy (18 of 34, 53%) or during 
therapy for active disease (8 of 26, 31%) compared 
to patients with stable course of disease or remis- 
sion (4 of 34, 12%; Z2=13.29; P<0.001). Like- 
wise, average weight loss was higher in the former 
groups of patients (pretreatment, 8.7% ; treatment, 
10.9%) than in the latter (untreated, 5%). 

Table 1. Neopterin, tryptophan, kynurenine, and albumin con- 
centrations 

Neopterin Tryptophan Kynurenine Albumin 
(nmol/1) (p.mol/1) (gmol/1) (g/l) 

HD 7.8_+3.6 56.4_+13.1 2.3_+1.1 42.4_+3.8 
NHL 22.4_+34.1 50.5-t-16.9 2.8_+1.4 40.3-+6.2 
MM/MGUS 13.6-+10.7 44.9_+12.9 2.5_+1.0 39.4_+7.5 

Normal <8.7 [20] >65 [ll] <3.5111] 38-49" 
range 

a Normal range of laboratory controls 

4 0 -  p<O.O00001 

3 0 -  

= 2 0 -  
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so 

p=O.O03 50 "  

< 
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p=O,O002 

Fig. 1. Serum neopterin, tryptophan, and albumin concentra- 
tions (medians, 25th and 75th percentiles are shown) in patients 
with stable weight (1) and those with weight loss (2) 

Compared to the normal range of healthy con- 
trols [20] neopterin levels were significantly raised 
in patients suffering from NHL and in those with 
MM/MGUS (P<0.001; Table 1); in contrast, se- 
rum tryptophan concentrations were significantly 
decreased (P < 0.001). Serum kynurenine levels did 
not differ from normal values. Average serum al- 
bumin concentrations were within the normal 
range in all groups of patients, but the values were 
in the lower third of normal (Table 1). 

Patients with weight loss showed significantly 
higher levels of neopterin than patients with stable 
weight (H=31.82; P = l . 7 x 1 0 - 8 ;  Fig. 1). There 
was a clear association between neopterin concen- 
trations and the degree of weight loss (rs=0.625; 
P<0.001). Patients with weight loss had signifi- 
cantly lower tryptophan levels than those without 
(Fig. 1). There was an inverse correlation between 
tryptophan levels and the degree of weight loss 
(rs= 0.377; P=0.07) whereas kynurenine was not 
different. In addition, we found a negative correla- 
tion between tryptophan and neopterin concentra- 
tions (rs= -0.440; P<0.01) and a positive corre- 
lation between neopterin and kynurenine (rs= 
0.453 ; P <  0.01). The most significant correlation 
was found between the tryptophan/kynurenine ra- 
tio and the neopterin concentration (rs=0.698; 
P<O.O01). 
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Fig. 2. Course of body weight (dots, upper curves) and neopterin 
concentrations (crosses, lower curves) in two patients with NHL 
over a 2-year period 

Albumin levels of patients with weight loss 
were significantly lower than of those with stable 
weight. Similar to the changes in neopterin concen- 
trations, the degree of hypalbuminemia was ex- 
pressed more clearly in patients with marked 
weight loss (Fig. 1). There was a significant inverse 
correlation between albumin and neopterin con- 
centration (rs = - 0.470; P < 0.0001); the correla- 
tion was weaker to kynurenine (rs= -0.277;  P =  
0.052) and absent to tryptophan. 

Similar associations between weight loss and 
immunologically induced changes were seen in 
data obtained during the follow-up of patients. 
Figure 2 presents representative courses of two pa- 
tients, of whom serial neopterin measurements 
were performed at several time points during 
phases with and without chemotherapy. Increases 
in serum neopterin concentrations usually coin- 
cided with a drop in body weight and vice versa, 
but at certain time points weight loss was delayed 
(e.g., patient 2 in Fig. 2: a dramatic increase in 
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neopterin was seen at time point 9/91; during the 
following month the patient lost 13 kg in weight). 

Discussion 

A significant percentage of our patients with malig- 
nant diseases showed signs of immune activation 
as detected by raised neopterin levels and signifi- 
cant degradation of tryptophan. Stimulation of 
cultured human monocytes/macrophages with 
IFN-7 induces the secretion of D-erythro-neopterin 
[10]. Among many biochemical changes, IFN-7 
also stimulates indoleamine (2,3)-dioxygenase, 
which degrades tryptophan to form kynurenine in 
a variety of human cells including macrophages 
and malignant cell lines [22]. Both pathways me- 
diated by IFN-7 are synergistically enhanced by 
TNF-0¢ [24]. Measurement of neopterin, trypto- 
phan, and its metabolites is also an indirect but 
sensitive way to detect and monitor cellular im- 
mune activation in patients. Formation of neopter- 
in and degradation of tryptophan were observed 
in patients treated with cytokines [3, 21] and in 
patients suffering from diseases which are associat- 
ed with activation of cellular immunity [11, 21]. 
Associations between endogenous IFN-7, neopter- 
in formation, and tryptophan degradation have 
been also found in infectious disorders such as hu- 
man immunodeficiency virus infection [11] and 
Lyme's disease [12]. 

Low tryptophan levels in our patients were due 
to degradation. We observed significant positive 
correlations of neopterin with kynurenine and the 
kynurenine/tryptophan ratio. Kynurenine is the 
first metabolite of the tryptophan degradation 
pathway; therefore the kynurenine/tryptophan ra- 
tio represents the quotient of product versus sub- 
strate of indoleamine (2,3)-dioxygenase activity. 
Thus, the data indicate chronic stimulation of im- 
mune cells and particularly of monocytes/macro- 
phages (as the primary source of neopterin) to take 
place in patients. There was no apparent increase 
in kynurenine levels, which is not surprising and 
agrees with in vitro data: kynurenine is rapidly fur- 
ther metabolized downstream in the tryptophan 
degradation pathway, and metabolites such as 
anthranilic acid and 3-hydroxyanthranilic acid are 
formed. 

A significant correlation between serum IFN-7 
and neopterin levels was described earlier in pa- 
tients with hematological neoplasias [6]. In this 
study we found a clear association between weight 
loss and the quantitative changes in immune acti- 
vation markers. The changes were essentially the 
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same in all subgroups  o f  pat ients ,  H D  pat ients  be- 
having  closest to normal .  However ,  8 out  o f  the 
23 pat ients  with H D  were in comple te  remiss ion 
when  examined.  

Weight- loss in t u m o r  pat ients  is a sign o f  the 
complex  s y n d r o m e  o f  cachexia.  M a n y  metabo l i c  
changes  have  been descr ibed to be associa ted  with 
cachexia,  including d is turbances  in lipid, c a rbohy-  
drate,  and  pro te in  m e t a b o l i s m  (for  review see [18]). 
Soluble fac tors  p lay  a crucial  role in media t ing  
these changes.  They  are p roduced  by the ma l ignan t  
cells themselves  or  by  cells o f  the hos t  as a reac t ion  
against  the growing  tumor .  Our  results indicate  
such a role for  endogenous  cytokines  such as I F N -  

and  T N F - e ,  par t icu lar ly  for  s t imula ted  m a c r o -  
phages  in this ne twork ;  the best  corre la t ions  were 
found  between the degree o f  weight  loss and  neop-  
terin concent ra t ions .  While  our  findings are re- 
stricted to pat ients  with hemato log ica l  neoplasias ,  
recent  da ta  o f  o thers  indicate  tha t  the re la t ionships  
found  m a y  be re levant  for  ma l ignan t  diseases m o r e  
generally.  A cell line p roduc ing  I F N - 7  induced ca- 
chexia  in an an imal  mode l  [20], and,  similarly, ele- 
va ted  levels o f  se rum T N F  and  T N F  m R N A  were 
detected in per iphera l  b lood  m o n o n u c l e a r  cells o f  
pa t ients  wi th  var ious  types o f  cancer  [1]. Both  
IFN-7  and  T N F  synergist ically induce and  enhance  
m a c r o p h a g e  ac t iva t ion  and  neopte r in  secret ion as 
well as t r y p t o p h a n  degrada t ion .  

In previous  studies we d e m o n s t r a t e d  tha t  high- 
er neopter in  levels are associa ted with a worse  
prognos is  in pat ients  with hemato log ica l  neopla-  
sias [5]. Addi t ional ly ,  we found  an associa t ion  be- 
tween increased serum I F N - y  and  neopte r in  con- 
cent ra t ions  and  the deve lopmen t  o f  so-called tu- 
m o r  anemia  [6, 7]. 

In sum, there are a n u m b e r  o f  a rgumen t s  favor-  
ing the hypothes is  tha t  chronic  i m m u n e  ac t iva t ion  
and  endogenous  release o f  cytokines  play a role 
in the pa thogenes is  o f  s y m p t o m s  in pat ients  wi th  
hemato log ica l  disorders ,  and  tha t  weight  loss and  
cachexia  are closely l inked to endogenous  I F N - y  
and  the ac t iva t ion  s ta tus  o f  mac rophages .  Al- 
t hough  our  da ta  p rov ide  only indirect  evidence as 
endogenous  f o r m a t i o n  o f  cytokines  was no t  direct-  
ly assessed, there is some indicat ion tha t  reducing 
the degree o f  i m m u n e  s t imula t ion  m a y  be benefi-  
cial. 
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